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This photograph was taken from one of Perth's tall buildings on St George's Terrace in the central city. It shows Kings Park to be
within easy walking distance of the city block thus adding to the Parks' appeal as a major tourist attraction.
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1. Introduction
The Kings Park escarpment rises steeply from the Swan River to a height of 65 m.
The Park provides panoramic views of the city, river and the Swan Coastal Plain to
the Darling escarpment.  Many visitors enjoy its botanical gardens and public facilities
while others prefer the natural bushland, which comprises two-thirds of the Park.
This soil survey delineates variations of the soils in bushland areas of Kings Park.  It
was requested by the Kings Park Board to assist botanists in revegetating the many
bushland areas of the Park, which have become degraded since the arrival of
Europeans to Western Australia.
The survey was done in liaison with Dr N.G. Marchant. He considered that pH, sand
grain size and bleaching to be of considerable importance in determining plant
distribution and hence for management programmes.  The extent of bleaching and
variations in pH and sand particle size have been mapped.
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2. Preface
According to the Swan River Aborigines a mythological Rainbow Snake called
Waugal entered the ground where Parliament House now stands.  The snake made
its way through Mount Eliza emerging at the spring, which feeds the Kennedy
Fountain and continued on to the sea so creating the Swan River.  Aboriginal names
have been recorded for several features in this locality, Gooninup for Mounts Bay
near the Kennedy Fountain, Koojamulyup for Mount Eliza and or Point Lewis below it,
Gargatup, Gabbykelga and Gudinup for areas between the present Botanic Garden
to the east and the Hale Recreation Area to the north.
Mount Eliza was named by Captain James Stirling during his exploration of the Swan
River in 1827.  After establishment of the Swan River Colony and the township of
Perth in 1829, the spring continued to be very important as one of the few readily
accessible sources of fresh water for the early settlers. Governor Kennedy had a
cistern made and the water piped in 1861.
In 1831 the Surveyor-General, John Septimus Roe indicated that the neighbourhood
of Mount Eliza was to be set-aside for public purposes.  It was not until October 1,
1872 that his successor Malcolm Fraser gazetted 175 ha for a public park.  This
included the present War Memorial and Concourse where there were butts for the
former rifle range parallel with Fraser Avenue. Butts of sand were levelled in 1932, to
make the State War Memorial concourse.  It excluded the site of the poorhouses,
previously a convict depot, adjacent to Mounts Bay.  In 1909 part of this latter area
was included in Kings Park as the Mounts Bay Garden, the rest was already part of
the Swan Brewery site.
Almost all of the present extent of Kings Park was gazetted in 1890 as Reserve
A1720 for a public park by John Forrest, later Sir John and eventually Lord Forrest.
The Parks and Reserves Act 1895 empowered the Governor to appoint a Board to
control and manage Perth Park, as the Mount Eliza Reserve was then known.  Sir
John Forrest was the first President of the Board.  During the visit of Duke of
Cornwall and York (later to be King George V) and Princess May (later Queen Mary)
in July 1901 the foundation stone of the South African War Memorial was laid. May
Drive was declared open and Perth Park was renamed Kings Park.
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Figure 1 – Location Map
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3. Climate
Perth has a Mediterranean climate, characterized by wet winters and dry hot
summers (Table 1).
Summer weather is moderated by south-westerly sea breezes which cool Perth in the
afternoon, but when these fail, temperature can reach high as 38°C-42°C.
Perth has more sunshine and a greater number of clear days during the year than
any other State capital city in Australia. It also has the wettest winter, the driest
summer, and is the windiest of the capital cities.
Table 1.  The water regime and temperatures for Perth (after McArthur et al.,
1960)
- Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Mean rainfall
(mm)
9 11 20 42 128 179 170 145 88 56 20 15 881
Evapotranspiration
(mm) (estimated)
153 150 128 106 72 57 53 61 76 106 118 139 1219
Winter excess
(mm)
- - - - 56 122 117 84 12
Mean maximum
temperatures °C
29.6 29.9 27.8 24.5 20.7 18.2 17.3 17.9 19.4 21.2 24.6 27.3
Mean minimum
temperatures °C
17.7 17.9 16.6 14.1 11.6 9.9 9.0 9.1 10.1 11.5 14.0 16.2
No. of days
30°C and over
15 15 10 3 - - - - - 1 4 9
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A group of Sheoaks, Allocasuarina fraseriana, now one of the dominant trees in the
bushland, with a carpet of Popflowers, Glischrocaryon aureum.
Sheoak dominated woodland with a carpet of kangaroo paws, Anigozanthos
manglesii and native wisteria, Hardenbergia comptoniana intermingling with Sheoak,
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4. Disturbance to the Bushland
About two-thirds of Kings Park Is bushland.  The bushland has had a chequered
history.  Between the 1831 announcement that Mount Eliza was to be set-aside for
public purposes and its gazettal in 1872, most of the millable jarrah timber was
removed.  Five tonnes cut in 1835 were shipped as the first marketable export of any
commodity from Western Australia.  Much larger quantities were cut by convict labour
during the 1860s for the construction of public buildings in Perth such as Government
House and the Town Hall. Limestone was taken from the scarp, especially from
Quarry Point north-east of the Botanic Garden during the pioneering period (Kings
Park Board 1989).
Blackboys (Xanthorrhoea preissii) were taken for kindling by the settlers and many
cords of firewood were sold to raise funds for the Parks development. There have
been several devastating bushfires and the most recent on January 4, 1989 started
by an arsonist, burnt nearly half (45%) of the bush (Kings Park Board 1989).
The fires have become more Intense and difficult to control because of the
Introduction of veld grass (Ehrharta calycina) from South Africa.  Initially its growth
was encouraged because it could be sold as fodder and the money from the sale
could be used to supplement the Park's Income.  The veld grass choked the growth
of native species and made them sparse in many areas.  In some other areas
stripped of native vegetation, trees from other parts of Australia have been introduced
(Kings Park Board 1989),
Since the 1930s the damaging effects of the bushfires which were exacerbated by
the huge quantities of dry veld grass, have been recognized and efforts
to control them.  The Introduction of fire fighting vehicles has improved fire control.
The control and eventual eradication of veld grass is now possible by spraying
Fusillade{ (weedicide).  Employees of the Kings Park Board found Fusillade{ diluted
as a mist or spray was most effective and required further applications of the
chemical only in areas missed by the Initial spray.  Many native species have
volunteered in areas where the veld grass has been eradicated (Kings Park Board
1989).
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A stand of Tuart Eucalyptus
gomphocephala growing along May
Drive
A small Holly Banksia, Banksia ilicifolia
growing near the southern end of
Thomas Street
Small shrubs grow on the limestone face of the escarpment with taller shrubs in
deeper pockets much of this limestone area was quarried by early settlers
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5. The Vegetation Associations
Ecological studies of the Park done by E.M. Mattiske and Associates (unpublished)
were completed in 1987.  It is a detailed and comprehensive work, which was
commissioned by the Kings Park Board to assist in the preparation of a management
plan for the bushland.  Some of the botanical work on Kings Park is unpublished.
The most notable and recent publication is Bennett's (1988) "The Bushland Plants of
Kings Park", which lists practically all of the species of Kings Park together with
artistically presented colour plates.
Three major vegetation types are recognized by Bennett (1988).  The first is on the
limestone escarpment, which contains many species not recorded elsewhere within
Kings Park.  The second occupies a low moist area near Winthrop Avenue, the only
part of the Park where Banksia ilicifolia and several other species occur.  The third
vegetation type comprises most of the bushland and consists predominantly Banksia
spp. woodland with trees of Eucalyptus spp. and Allocasuarina fraseriana.
Bennett (1988) and Beard (1967) believe that the bushland has changed since the
arrival of Europeans, but still contains the greater part the original assemblages of
plant species, despite changes in relative numbers and some invasions of introduced
species.  They believe that before European settlement, the vegetation would have
been of tall Tuart (Eucalyptus gomphocephala), jarrah (Eucalyptus marginata) and
Marri (Eucalyptus calophylla) with an understorey of Banksia spp. and Allocasuarina
sp.  Today the structure has been changed so that the Banksia species and
Allocasuarina fraseriana predominate.  The original ecosystem of a tall open forest of
tuart-jarrah-marri is probably collapsing to be replaced by a Banksia-Sheoak low
open woodland, which is typical of excessively drained sands of low nutrient status.
This is a natural sequence, but has probably been accelerated by disturbance.
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6. Geology, Geomorphology and Soils
Broad scale surveys of the Swan Coastal Plain show geologically based soil
associations.  Kings Park was classified as being within the Spearwood Dune System
with soils of the Karrakatta Soil Association (Bettenay et al., 1960). Further surveys
by McArthur and Bartle (1980) established that Karrakatta sands must be further
classified into a yellow phase (a grey to brown surface passing into a bright yellow
subsoil) and a grey phase (grey surface passing into a bleached light grey to white
subsurface overlying a pale yellow subsoil).
The Karrakatta Soil Association is believed to have been formed between 100,000
and 6,000 years ago (McArthur and Bettenay, 1960) from calcareous beach sand
(aeolianite) containing 50-70% calcium carbonate.  Much of the calcium carbonate
has been leached to form secondary calcite layers at greater depth.  This leaching
led to podzolized sands with yellow to brownish yellow sands at depth.  These dune
sands vary greatly in depth as illustrated by a deep drilling survey in 1971 (Andrews,
1971).  The drilling survey, which fringed the eastern and southern boundaries of
Kings Park, was performed because of the engineering requirements for building.
The depth of sand encountered overlying sedimentary clay and calcite varies from 17
m on the higher reaches to < 2 m adjacent to the river.  As the bores were sited
below 26 m above sea level (a.s.l.) and the Park is as high as 68 m a.s.l. it is possible
that much greater depths of sand exist within the Park.
There has been extensive movement of sand by wind during the formation of the
dunes of Kings Park. This is well illustrated by the big differences in sand grain sizes
(Table 4) and bedding of fine and coarse sand layers.
A large area of coarse sand lies in an open shallow depression in the southern half of
the Park.  This may have been formed by water washing the finer sand particles
down the valley depression to lower areas, leaving only coarse sand particles on the
higher reaches.  Similarly, pockets of fine sand are found in the swales between
dunes (Map 3).
If deep organic horizons are formed overlying bleached sands, watertables can be
expected within 7 m of the surface (McArthur et al. (1978).
Differential weathering caused transportation of finer particles including clay, silt and
calcium carbonate to deep layers.
Pockets of fine sand on the river side of the Park are formed from the shallow fine
sandy calcareous rock, which is rapidly weathering.
Figure 2 shows the location of profiles selected to illustrate the soil variations, which
exist within Kings Park.
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Figure 2 – Soil Profiles
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7. Method
Before the mapping, shallow augerings to 2 m were made along traverses through
the Park to determine soil variability.  Twenty three deeper holes were augured to
between 3 m and 7 m.  These deeper holes were intended to specifically search for a
water table or the sandy loam horizon.
During the mapping phase, sampling sites were located on a grid pattern of 100 m by
100 m in an east-west and north-south direction as used by E.M. Mattiske (1987
unpublished) for her vegetation survey.  This intensity of sampling was considered
adequate to record any soil variation likely to affect plant growth.
Figure 3 shows the grid pattern used, the extent of the survey, the location of all deep
holes and the areas where sandy loam was found.
The pH values were measured using the CSIRO field kits supplied by Inoculo
Laboratories.
The colour of the profile was described by using a Munsell colour chart (Munsell 1975
edit).
Each profile was described according to the Australian Soil and Land Survey Field
Handbook (McDonald et.al., 1984).  The sand sizes were visually estimated when
moist, but where the sand was sufficiently dry a 0.2 mm sieve was used to measure
the fine sand fraction.  Sites classified as coarse, medium and fine sands were
sampled for analysis of grain size by sieving. These sites were sampled at the
surface and at depths of 0.3 m, 0.6 m and 2.0 m.  The data is presented in Table 4.
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Figure 3.  Kings Park Vegetation Survey Grid, showing the location of auguring and
the sandy loam horizon areas encountered.
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From the survey data three maps, Appendixes 1, 2 and 3, were drawn to illustrate the
variability of selected soil properties within Kings Park.
These are:
Map 1 = thickness of bleached horizons.
Map 2 = surface and subsurface pH.
Map 3 = sand grain size.
Map 1 shows the bleached layer, which begins just below the surface and extends to:
1. more than 0.6 m (deep);
2. between 0.3 m to 0.6 m (moderate);
3. 0.1 m - 0.3 m (shallow);
4. the unbleached areas.
Map 2 shows the acidic, neutral and alkaline areas at the surface and at 1 m depth.
Soils considered acid were of pH 6.0 or less and those alkaline were of pH 8.0 or
more.
Map 3 illustrates the variability of sand grades at the surface.  Lower layers can vary
considerably from those at the surface as illustrated in Table 4.
In the areas with a thick bleached horizon up to 2 m thickness of bleached sand were
found but were generally of about 1 m depth.
To make comparisons of the occurrence of plant species (as recorded in the survey
by E.M. Mattiske) and soil variations (on maps 1, 2 and 3), transparencies of each
soil map were overlain onto the species grid map.
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8. Results and discussion
There was little correlation between the vegetation types mapped by Mattiske and the
soil characteristics, however there were certain species* which appeared to favour
either the bleached or unbleached sands.
* These species should be mapped in greater detail to elucidate this relationship.
Table 2.  Presence or absence of species using Mattiske data
Species Percentage
on
unbleached
(Karrakatta
sand, yellow
phase)
Percentage
on shallowly
bleached
(Karrakatta
sand grey
phase)
Percentage
on deeply
bleached
(Karrakatta
sand deep
grey phase)
Total of
ratings
Acacia pycnantha 61 39 0 10
Chamaescilla corymbosa 53 47 0 11
Conospermum triplinervium 27 73 0 7
Dryandra sessilis 56 38 16 43
Eucalyptus calophylla' ^-' 33 43 24 140
Rhamnus alaternus 67 33 0 13
Romulea rosea 55 36 9 34
Eucalyptus marginata 29 42 29 195
Spyridium globulosum 52 30 18 34
Anigozanthos manglesii 22 40 38 200
Bossiaea eriocarpa 0 10 90 6
Conostylis aculeata 15 29 46 98
Corynotheca micrantha* 0 0 100 7
Dampiera linearis 0 12 88 9
Schoenus grandiflorus 0 37 63 16
*   Known to be more widespread than indicated in Mattiskes survey. (1)  Species
growing more vigorously on unbleached areas.  This pattern could have been
influenced by logging activities.
The occurrences of the unbleached, shallowly bleached and deeply bleached sands
are of similar area.
Table 2 is divided into three sections according to the depth of the bleached layer.
Some plant species are seen to favour either bleached or unbleached sands, while
others, especially Eucalyptus marginata, were found on all soil types.
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In the area of grey Karakatta sands eucalypts were stunted and there was a
correspondingly higher density of Banksia spp.  In Kings Park the best jarrah has
been logged, which could account for its present day greater density on bleached
sands.
It has been observed elsewhere (Havel , 1968) that, in the yellow phase of Karrakatta
sands (unbleached sands), Eucalyptus marginata. E. calophylla and E.
gomphocephala grow with an understorey of Banksia menziesii, B. attenuata and
Allocasuarina fraseriana while the grey phase (especially in the deeply bleached
sands) only stunted eucalypts with a higher Banksia spp. density grow.  This also
applies to Kings Park.
Map 2 presents the acidic, neutral and alkaline soils distribution shown at the surface
and at 1 m depth.  Soil layers considered acidic were those with a pH of 6 or less and
those shown as alkaline had a pH of greater than 8.  The lowest pH recorded was 5.5
and the highest was 9.0.  Most of the Park can be considered to be of neutral pH
reaction for the growth of most plants.  The highest readings of pH were 9 and were
located close to the river where the rock was close to the surface.  These were
relatively small areas.  The lowest readings were at pH 5.5 and were extensive at the
surface.  Only a small proportion of the Park was acidic at 1 m depth.
Where pH exceeds 8.5 many plants find the soil too alkaline for growth.  (The pH
readings over 8.5, adjacent to the river where saturation by river water has caused
calcium to be replaced by sodium (sodic soils)).
No correlation was observable between the bleached areas and the areas of either
acidic or alkaline soils.
Map 3 presents the distribution of fine, medium and coarse sand and shows that
most of the Park is composed of medium sand, but there is a large area of coarse
sand towards the southern end.  Significant areas of fine sand exist, and are likely to
provide better prospects for plant establishment because of their greater water
holding capacity.  Where a sandy loam horizon exists, the water and nutrient
retention will be greater.
Hamblin (1983) described the factors affecting water retention in that coarse sand will
allow water to drain out almost as fast as it flows in.  The available soil water in a fine
sand is quoted as being between 5 to 7 cm/m, medium sand 2 to 5 cm/m, and coarse
sand being less than 2 cm/m.  Yellow and brownish-yellow sands generally have
higher silt and clay contents as well as hydrous oxide coatings of iron and aluminium,
which improve the retention of water as films around the particles.
Map 3 shows the coarse, medium and fine sand areas.
On Map 3, three locations where sandy loam layers have been encountered are
indicated by dotted lines.  These lines are only an indication of the presence of these
sandy loams, which are believed to exist beneath much of the Park.
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Table 3.  Mechanical analysis of the sandy loam horizon
Depth (m) Clay (%) Silt (% ) Fine sand (%) Medium and
coarse sand (%)
Site 1 4-5 13.2 1.9 34.3 50.4
Site 2 5-6 17.0 1.8 13.2 68.1
The discovery of the sandy loam horizon (Table 3) is important because it coincides
with a more vigorous vegetation cover.  It was noticed that the sand above this layer
was wet which suggests a perched watertable during some months of the year.
Evidence of this was seen by the occurrence of segregations of iron oxide just above
this layer.  A further survey to define the areas with the underlying sandy loam
horizon would greatly assist the selection of species appropriate to these areas.  Air
photographs could be used to map the most vigorously growing areas and
exploratory drilling within each of the defined areas could be used to verify the
existence of the sandy loam.
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9. Watertable
The presence of a permanent watertable anywhere within the Park is doubtful as the
four holes dug to 7 m in the most likely areas did not encounter water. McArthur and
Russell's studies on soil morphological properties in relation to depth to the
groundwater table (McArthur and Russell, 1978) may not apply within Kings Park.
Some comparison may be made with the southern half of the Park/ marked as
Eucalyptus marginata. in E.M. Mattiske's vegetation survey and the presence of
coarse sand areas shown on Map 3.  The area lies in a shallow open depression and
could have once been a broad watercourse.  This would explain the lack of fine sand
components in this area.
Table 4 shows the variability and distribution of fine, medium and coarse sands in the
Park and at various depths.  The main differences lie with the amount of coarse sand
present.
Aeolian deposition and erosion is the main cause of the heterogeneity of sand sheets
found in the Park.
KINGS PARK SOIL SURVEY
19
Table 4.  Analysis of the sand fraction, selected at random in areas classified
as coarse, medium and fine
Analysis of grain size (%)Area classification Site*
< 0.2 mm 0.2-0.6 mm > 0.6 mm
Coarse B Fine Medium Coarse
Surface 1 26 73
0.3 m 2 42 56
0.6 m 4 58 38
2.0m 5 61 34
Coarse BW
Surface 2 64 34
0.3 m 4 41 55
0.6m 5 81 14
2.0 m 5 70 25
Medium P
Surface 5 75 20
0.3 m 7 68 25
0.6m 3 57 40
2,0m 10 80 10
Medium T
Surface 7 68 25
0.3 m 3 57 40
0.6m 5 73 22
2.0 m 7 68 25
Fine L
Surface 10 84 6
0.3 m 22 75 3
0.6 m 6 91 3
2.0 m 24 72 4
Fine F
Surface 6 82 12
0.3 m 6 76 18
0.6 m 11 74 15
2.0 m 15 78 7
Note:  At some sites, more than 35% of fine sand was recorded. * The locations of
these sites are shown on Map 2 because of presentation difficulties if shown on Map
3.
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The better sands in Kings Park are those, which have no bleached horizon/, are of
fine particle size and which are strongly stained by organic matter.  Areas where
these conditions exist are to the north of Park Road and in a small area between May
Drive and Lovekin Drive 500 m west of the water reservoir.
The poorest sands of the Park are to the south of the Broadwalk Vista between
Lovekin Drive and Forrest Drive where the sand is coarse and deeply bleached.
These sands are droughty so that only the most hardy native vegetation will survive
over the hot and dry summers.  Vegetation suited to infertile soils and able to counter
drought grow in these areas.  Many native species have vigorously growing taproots,
which extend down many metres soon after germination and are well suited to these
conditions.
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10. Conclusion
This survey will serve as a basis for the management of Kings Park's natural
bushland.  Most sands in Kings Park have a neutral reaction and will support the
growth of most sand adaptive native flora.  Large differences in the vigour of plant
species are seen between the bleached coarse sand areas where growth is stunted
and sparse and the better unbleached fine yellow sands where growth is vigorous
and dense.  Where the underlying loamy sand sheets were encountered, dense tall
timber grows.  Further delineation of areas underlain by sandy loam horizons is
warranted because of their excellent growth potential and the benefit to management
that will accrue by defining these areas.
With the latest intense summer fire in January 1989, the mapping of the sandy loam
horizon becomes more important for the revegetating of the bushland.
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